In this article, the using of waste materials has been studied such as phosphogypsum in the alteration of fine-grained soils in order to upgrade the geotechnical properties as a construction material. Standard Proctor test, unconfined compressive strength tests and California bearing ratio were carried out on Calcined Phosphogypsum (CPG) stabilized soil samples. It was determined that the phosphogypsum with additives calcined at the low temperature 150 ºC. Treatment with CPG generally reduces the maximum dry density but CPG increase the optimum moisture content. Compressive strength, California bearing ratio were performed to investigate effects of additive mixtures of stabilized and natural soil specimen. The empirical results show that stabilized samples with CPG additive mixtures have high durability as compared to unstabilized samples. These contribution blends have also improved the dynamic behaviors of the soil samples. As a result, we conclude that CPG additive mixtures can be completely used as an additive material to strength of granular soils in highway constructions and embankment applications. The experiment results understood that the stabilized fine-grained soil specimens containing CPG show high resistance to the CBR and unconfined compressive strengths as compared to natural fine-grained soil samples.
INTRODUCTION
Chemical improvement is the variety of the properties of a locally existing soil to improve its mechanical capacity. The lime stabilization and cement stabilization are two most frequently used chemical improvement methods [1] . To further improve the properties of stabilized soil, phosphogypsum can be added to the soil as an additive. In this study, phosphogypsum, an industrial waste, has been used as a chemical stabilization ingredient to improve the mechanical properties of chosen soils. Phosphogypsum (PG) is industrial waste of products in phosphoric fertilizer factories. Roundly 3500 tons per day of PG are produced every year in Bandırma-BAGFAŞ plant of Turkey; these wastes are tried to be made harmless by various ways in landfills, rivers and waste ponds.
Phosphogypsum consists of some impurities such as P2O5, F − , essentially of calcium sulfate and organic substances. The use of phosphosypsum as construction material is restricted. The reason for this is the presence of purity in it. The gypsum and cement industries currently use only a small proportion of this by-product as a retarder for cement and for the construction of bricks and gypsum plaster [1] [2] [3] [4] [5] [6] [7] [8] . Phosphogypses were reused with some achievement in the road substructures and cylinder compressed concrete [9] [10] . Phosphogypsum can be improved by fly ash with thermal power plant waste that other industrial waste and Portland cement for possible use in soil improvement. Phosphophosum mixed with cement has long been studied for about ten years [11, 12] . Phosphogypsum is not enough for road infrastructure or embankment construction lonely. Blends prepared with fly ash, phosphogypsum, and Portland cement provide slightly higher geotechnical values maximum dry unit weight and OMC values for improved phosphogypsum mixtures, in comparison with unimproved phosphogypsum mixtures. Most of these studies suggested that cement with C3A content less than 7% can be used with phosphogypsum [13] . The planned properties of soil-cement mixture and soil type describes cement content requirements. The amount of clay in the soil is decisive for stabilization in generally. Some studies suggest that the amount of cement content can be chosen between 5 %-15% by clay. [14, 15] . Researchers are also advised to prepare almost too close to the optimum water content and maximum dry unit weight values when preparing mixtures containing phosphogypsum (PG). [16, 17] . Many methods to change the geotechnical properties of fine-grained soils have been proposed to date. These methods can be expressed as stabilization by chemical ejection, wetting, other soil displacement, compression control, moisture control, additional load loading and thermal methods [18] [19] [20] . In particular, new studies are carried out to reduce swelling behavior and permeability. These studies ultimately increase the Strength properties. [21] [22] [23] . Many researches have studied natural materials and fabricated products such as geofiber to change the fine-grained soils. The main purpose of this study is to investigate the suitability of phosphogypsum calcined at the low temperature 150 ºC to increase on the geotechnical properties of fine-grained soils as a stabilization material. Stabilized and natural finegrained soil samples were tested in laboratory conditions to obtain better results.
MATERIALS AND METHODS

Fine-Grained Soil
The fine-grained soil has been supplied from the basalt quarry crusher plant deposits of Mesudiye-Çatalkaya, Ordu, Northeast of Turkey (Fig.1 ). The material used in experimental studies remain within the boundaries of the base material granulometry determined by the General Directorate of Highways of Turkey. X-ray diffraction (XRD) pattern of the fine-grained soil and the grain-size distribution are given in Figs. 2 and 3. Meanwhile, its engineering and index properties are summarized in Table 1 . 
Phosphogypsum
Bandırma-Turkey Fertilizer Plant which PG used in the research was brought here, obtains PG as a by-product in the process of producing phosphoric acid production by phosphate rock. The chemical compositions of waste phosphogypsum is seen in The PG was stored outdoors fields, and the convenient amount of PG was air-dried and calcined at low temperature. The required amount of calcined phosphogypsum (CPG) measured depending on weight of waterless soil and incorporated to the soil. The ingredients (soil + CPG) were first added and mixed in dry condition for 3 min, and then to a certain extent water was added and the mixer was stirred for 2 minutes. The mixture was put into the mold and compressed. The amount of water added to the mixture is determined as the optimum water content. Table 3 . Phosphogypsum was used as unworked and calcined materials for making the adhesive agent. A appropriate amount of phosphogypsum was air dried and sieved through a 4.75 mm sieve before using. To create calcined gypsum, phosphogypsum was heated in an electric oven at 150 °C for 6 hours. The calcined material was desiccated in a closed container to room temperature to avoid any contamination. Maximum dry density and OMC of all mixtures were obtained by SPT with respect to AASHTO T -99 and ASTM. When the compression process was in progress, the soil determined by the amount of water was placed in a mold of standard sizes in five layers, and compacted by 56 blows of rammer dropped from a distance of 457 mm at each layer, subjecting the soil to total compactive effort.
The unconfined compression (UC) tests were implemented according to ASTM 266 and unconfined compression strength values (qu) were determined. Samples with a 30 cm length and 15 cm diameter were prepared. The samples were placed in a great desiccator (humidification vessel) to prevent from drying while waiting a turn at the compression machine. Six samples were prepared for each ratio and tested at a deformation rate 0.5 mm / min. The homogeneous soil blend was created by adding the required amount of stabilizer. The required water determined is poured into soil mixtures. The species were molded at maximum unit weight and OMC in accordance with ASTM D1557. Geotechnical tests as SPT and unconfined compressive strength (qu) tests were applied on soil samples prepared with stabilizer addition at variable percentages in order to examine their influence. Tables 3. Presents Compaction features and the definition of soil mixtures. Each soil samples used in the unconfined compressive strength test was statically compacted in the cylindrical mold (15cm in diameter and 30cm high) at the optimum water content and maximum dry density. For curing, the samples were closely covered and placed in any box. Ambient temperature fixed to 21 °C. The species cured for 7 days and after curing unconfined compressive strength test was conducted.
California bearing ratio tests
CBR method is the most common method for evaluating the comparative resistance of soils in road construction. California bearing ratio (CBR) tests were performed using a cylindrical test mould kit on samples compacted in three layers at maximum dry unit weight and the OMC determined by conducting standard Proctor tests.
The tests were performed following AASHTO T193. According to AASHTO T193-63 and ASTM D1883-73, the soaking period for CBR samples for normal soil is 96 h or 4 days.
The CBR specimens prepared with different proportions of CPG to soil at its optimum water content were compacted and then soaked in water.
The results of CBR tests obtained are tabulated in Table 3 . For evaluating of efficiency of CPG improvement on CBR's results and also swelling potential of soil the soaked and unsoaked CBR tests are conducted on natural soil samples at first and the amount of swelling is obtained about 1 percent. Then specimens are prepared with different mixtures of CPG. These samples are exposed to a temperature of 23 degrees Celsius for 28 days while maintaining the same humidity. After that unsoaked CBR results of samples were calculated. After that, the prepared samples were immersed in water for 96 hours and reading of swelling is controlled. Then saturated CBR tests results were calculated. The results are showed in Table 3and Fig 6. It appears that the addition of 20% CPG gives the maximum percentage increase in CBR value (ratio of obtained CBR value/highest CBR value) after curing for 96 hours; see Fig. 5 (a) . The CBR amounts of prepared specimens with different CPG percentage (5, 10, 15 and 20 percent) show that improving soil with CPG is most suitable. Figs. 4. shows the effects of bonding agent mixtures on the OMC and the maximum dry densities. The results presents that the supplement of bonding agent mixtures revealed an increase in OMC and a reduction in maximum dry density. The high dry unit weights and the low OMC occur in unimproved samples, while the low dry unit weights and the high OMC occur in improved samples with 20% CPG bonding agent mixtures. The reason why increased in OMC is an increase in the total particle surface area of the improved samples due to the addition of finer materials. That's why, the OMC increased in the improved samples. Depending upon an increase in OMC, the maximum dry unit weights decreased in the improved specimens gradually. It was found that the OMC ranged from 4 to 8% for fine grained soil and the maximum dry densities ranged from 2.2 to 2.05 in Mg/m 3 for fine grained Soil. Fig. 4 . Effects of CPG on the dry unit weight and moisture content. Fig. 5 presents the effects of bonding agent mixtures on the compressive strength. It is observed that the compressive strength results increase by the addition of bonding agent mixtures in the improved samples. The CPG particles stabilize the soil matrix at the interfaces with the soil textures, resulting in a denser improved soil sample. Unconfined compressive strengths of unimproved soils were in all situations lower than improved soils. There is significant benefit strength with addition of CPG. The benefit in unconfined compressive strength is dependent on the CPG content. A high increase in unconfined compressive strength take placed with 20% of CPG content for soil.
RESULT AND DISCUSSION
Analysis of compaction parameters in mixtures
Analysis of compressive strength in mixtures
Analysis of CBR in additive mixtures
The CBR test was performed to investigate the behavior of samples stabilized with additives. These tests were carried out in the Modified Proctor mold by adding the additive and adding the additive. These tests were repeated on day 28. The effects of additive mixtures on CBR are given in Figure 6 . With increasing amounts of CPG additive, it has been shown that CBR values are increased and this is achieved in all mixtures. Depending on the amount of additive, the compressive strength and CBR were found to be increased. It is seen from the results of natural samples and stabilized samples that there is a linear relationship between the compressive strength and CBR values. 
CONCLUSION
In this study, the geotechnical effects of phosphosypsum additive blended granular soils are investigated and the following results are obtained:
• Experimental results showed that, with the addition of phosphosypsum additive, the maximum dry density of the mixtures decreased and the optimum moisture content increased. • Additive mixtures increased compressive strength. It has played an important role in the development of CBRs of granular soils. Generally, in all mixtures, the compression strength and CBR values are increased by the addition of CPG additive. Maximum compressive strength and CBR values are obtained by adding 20% of additive mixtures. In addition, waste materials, such as phosphosypsum, can potentially reduce the costs of balancing by using waste in a cost-effective manner. In addition, the use of various industrial wastes such as phosphosypsum not only solve the environmental problems but also provides a new source for the construction industry. 
